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Printhead and a method for the manufacture thereof. 



@ An Inkjet printhead including a flexible sub- 
strate (10) having at least one foki (11) therein 
such that a first sectton (12) of the substrate 
overiies a second sectk)n (13) of the substrate. 
Inkdrop ejection chambers (14) are disposed 
between opposed surfaces of the frst and sec- 
ond sectk>ns of the substrata Ink inlet orifk»s 
(17) are provided in the first section of the 
substrate and each of the ink inlet orifices is in 
fluid communicatton with a respective one of 
the inkdrop ejectnn chambers. Ink outlet aper- 
tures (18) are provkied In the second sectton of 
the sut>strate and each of the Ink outlet aper- 
tures is in flukJ flow communicatkin with a 
respective one of the inkdrop ejectton cham- 
bere. 
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The present Invention generally relates to print- 
heads for Inkjet printers. 

Figure 1 shows an example of a conventional 
printhead for a thernial Inkjet printer. The printhead 
includes a substrate 1, an interniediate layer 2, and 
an orifice plate 3. A nozzle 4 is formed in the orif k» 
plate, and a vaporizatk>n cavity 5 is defined between 
the substrate and the orifk:e plate. For convenience 
of illustratk)n, the drawing shows only one of the noz- 
zles In the orifice plate; however, a complete Inkjet 
printhead includes an array of circular nozzles, each 
of whk:h is paired with a vaporization cavity. More- 
over, a complete Inkjet printhead Includes channels 
that connect vaporization cavities to an ink supply. 

Furthermore, In a complete printhead, each va- 
porizatton cavity includes a heater resistor such as 
the resistor 6 in figure 1. In practice, the heater resis- 
tors on a printhead are connected In an electrical net- 
work for selective activation. When a particular heater 
resistor receives a pulse, the electrical energy is ra|>- 
Mly converted to heat which then causes ink adjacent 
to the heater resistor to form a vapor bubble 7. As the 
vapor bubble expands due to the heat provided by an 
energized heater resistor, the bubble ejects a droplet 
of ink from the nozzle In the orifice plate. This action 
is schematically illustrated In Figure 1 with the direc- 
tion of bubble growth being indbated by the arrow. By 
appropriate selection of the sequence of energizing 
the heater resistors, the ejected ink droplets can form 
patterns such as alphanumeric characters. 

In practice, the quality of print provided by Inkjet 
printers depends upon the physk^al characteristics 
and relative positioning of the Ink ejection nozzles, re- 
sistore, vaporizatk>n cavities and ink inlet channels. 
More particularly, the design of these elements In a 
printhead determine the size, trajectory, frequency 
response and speed of ink drop ejection. In some in- 
stances, geometry can affect the ejection of Ink from 
adjacent nozzles crosstalk. 

There are several shortcomings to conventional 
processes for fabricating inkjet printheads. One 
shortcoming Is that an accurate positioning step is re- 
quired as the nozzle plate is assembled together with 
the substrate. This positioning step Is costly because 
of the time and expensive equipment required. A fur- 
ther shortcoming of conventional processes occurs 
during the temperature cycling which a printhead ex- 
periences during use. This cycling sets up stresses 
and strains in the assembly since the nozzle plate and 
substrate have differing coefficients of thernruil ex- 
pansion. These stresses and strains can cause dela- 
mination of the part under extreme cases. 

Generally speaking, the present invention pro- 
vkJes a printhead that includes a flexible substrate 
having at least one fold therein such that a first sec- 
tion of the substrate can be folded to overlie a second 
section of the substrate. A printhead according to the 
present Invention combines the advantages of print- 



heads comprising flexible, extendible substrates 
wherein the resistors and orifices are provided on the 
same section of a substrate wtth the eff teiency and 
layout advantages of printheads wherein the resistor 

5 substrate and orifice plate are separata parts. That is, 
nrare space Is avaOable to lay out resistore and con- 
ductors and the arrangement has higher drop ejection 
efficiency than the arrangement wherein the resis- 
tors and orifices are provkJed on the sanne section of 

10 a substrate. 

In a preferred embodiment of the present inven- 
tion, a plurality of drop ejection chambers are dis- 
posed between opposed surfaces of t he first and sec- 
ond sections of the substrate, a plurality of ink inlet or- 

15 If ices are provided in the first section of the substrate 
and each of the ink inlet orif tees are In f luM ooihmu- 
nicatton with a respective one of the drop ejection 
chambere. A plurality of ink outiet apertures can be 
provided in the second section of the substrate with 

20 each of the ink outlet apertures in flukJ communica- 
tion with a respective one of the drop ejection chanv 
bars and a bulk ink supply can be provided in direct 
f luU communication with each of the ink inlet orifices. 
The flexible substrate can also include at least two 

25 foMs therein such that a third section of the substrate 
overlies at least one of the first and second sections. 
The fold means can comprise a row of spaced- 
. apart perforations in the substrate, a slot or slots ex- 
tending only part way through the substrate, or a 

30 weakened portion of the substrate whrch allows the 
substrate to be folded such that the first section of the 
sut)strate on one skie of the weakened portion over- 
lies the second section on an opposite side of the 
weakened portion. As the part is folded or sometime 

35 thereafter, the sections are permanentiy adhered to 
each other to form a single structure. The means em- 
ployed to adhere the parts can make use of heat, 
pressure, UV light or other means to cure a glue layer 
before foMing. Alternatively with the proper chotoe of 

40 materials and curing means either the substrate or 
barrier material may also be utiized as the adhesive. 

In a prefisrred printhead the inkdrop ejection 
chamber comprises a photo-ablated regkMi extending 
at least part way and possibly completely through the 

45 substrate. 

The present invention can be further understood 
with reference to the following description in conjunc- 
tion with the appended drawings, wherein like ele- 
ments are provided with the same reference numer- 

50 als. In the drawings: 

Figure 1 is a cross-sectional view of a portion of 
a conventional Inkjet printhead; 
Figure 2 is a pictorial view of a printhead accord- 
ing to one embodiment of the present invention; 

55 Figures 3 and 4 show the printhead of Figure 2 
being folded; 

Figure 5 is a pictorial view of a printhead accord- 
ing to a second embodiment of the Invention; 
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Figure 6 is a pictorial view a printhead according 
to a third emt)odiment of the invention; 
Figure 7 is a side sectional view of the printhead 
of Figure 6; 

Figures 8 and 9 show the printhead of Figures 6 
and 7 being folded; and 

Figures 10-12 show a variation of the third em- 
bodiment and how it » folded to form a monolithic 
assembly. 

As shown In Figure 2, a printhead of a thermal 
Inkjet printer includes a flexible substrate 10 having at 
least one fold nr^eans 11 that allows a first section 12 
of the substrate 1 0 to be folded over a second section 
13. The fold means 11 can comprise spaced-apart 
perforations that extend completely through the sut>- 
strate (Figure 2) or. alternatively, spaced-apart slot- 
like depressk)ns or apertures that extend only part- 
way through the substrate. The perforations or de- 
pressions can have circular, dianwnd, hexagonal or 
other shapes that promote hinge formation ak>hg a 
predetermined straight line. For example, the perfor- 
ations can comprise lOO^m diameter apertures with 
their centers spaced about 150|im apart As another 
example, the perforations can have elongated hexa- 
gonal shapes that have a length of 200pm and an as- 
pect ratio of about 3:1 with centers about 250^m 
apart In the preceding example, when the apertures 
are formed in a flexible substrate consisting of the 
pdylmkle material known as IIPILfX" in thicknesses 
ranging from 2 to 5 mils, as the fold is made, one sur- 
face of the substrate fractures while the other re- 
mains unbroken and forms a hinge that connects the 
sedfons together. This effect Is not requisite for the 
hinge means to be successful and may not occur wit h 
other materials and fold means. 

With the fold means 11 formed as described 
atx>ve, the two substrate sectkMis can be folded to 
overlie each other as shown in Figures 3 and 4. The 
resulting structure can be sakJ to be mondithk: be- 
cause both the substrate and the onHice plate are 
formed of the same material. 

Preferably, the substrate 10 comprises a polymer 
material ranging in thk:kness finom about 1 to 5 mils. 
The polymer can comprise a plastic such as pdyi- 
mide, teflon, polyamide, polymethylmethacrylata, 
pdyethyleneterephthalate (PET) or mixtures thereof. 
For such substrates, the told means 11 preferably is 
fabricated by laser ablation, using an exdmer laser. 

As also shown in Figure 2, at least one inkdrop 
ejectk)n chamber 14 is forn^d on the surface of the 
substrate sectbn 13, and at least one ink inlet aper- 
ture 1 7 is formed through the substrate sectfon 12. It 
should be noted that the ink inlet aperture 17 is posi- 
tioned to be In fluid communication with the inkdrop 
ejectk)n chamber 14 when the two sectk>ns 1 2, 1 3 are 
folded over each other as shown in Figures 3 and 4. 

As further shown in Figure 2, at least one ink out- 
let orifice 1 8 is formed through second substrate seo- 



tfon 13, Le., on the sMe of the fold means 11 opposite 
the laser ablated ink inlet apertures 17. Again, as 
shown in Figure 3 and 4, the Ink outlet orifice 1 8 is lo- 
cated to be in fluid flow communication with the ink- 

5 drop ejection chamber 14 when the f iret and second 
sectfons are folded over each other. 

When photo-ablating the told means 11. the ink 
inlet apertures 1 7, the ink outlet apertures 1 8. and the 
perforattons for the fold means 11 can be formed at 

10 the same time. In practice, this is done by using a suit- 
able mask and a single food exposure to laser energy. 
Normally, thin film resistors 22 are formed on sub- 
strate 10 prior to forming the apertores; thus, when 
the mask has been aligned relative to the resistors, 

15 all of the apertures formed by the exposure through 
the mask will be in proper alignment 

Finaily as shown in Figure 2, thin film conductor 
lines 21, a thin film common conductor line 23 and a 
barrier means 24 are formed on substrate 10. Prefer- 

20 ably, the resistors 22 and the outlet apertures 18 are 
located such that the told means 11 is spaced sub- 
stantially from the thin film areas. Also it is preferred 
that the t>arrier means 24 is fobricated as a dry f flm 
barrier, alternatively, however, the barrier means can 

25 comprise a photo-ablated regton on the substrate 1 0. 
In either case, the inkdrop ejectk>n chamber 14 is de- 
fined by the barrier means 24. 

It should be underetood that the above-described 
folded assembly can be connected to an Inkjet pen 

30 body either with the resistors 22 fadng towards or 
away from the pen body. When assembled with the 
resistors facing the pen body, the Ink inlete can be 
usedasinkoutieteandthe inkouttetecanbeusedas 
ink inlets. In other words, depending on the orienta- 

35 tk>n of the tdded assembly, the orrf k:es 1 7 and 1 8 can 
be used interchangeat)ly as ink Inlete or ink outlete. 

In an alternative embodiment shown in Figure 5, 
the substrate 10 indudes a first sectton 12 induding 
resistors 22 and a second sedfon 13 induding outlet 

40 apertures 18. The substrate 10 is fddade along the 
fdd means 11 such that the outlet apertures 18 reg- 
ister with the resistors 22. In this embodiment, a sin- 
gle ink inlet aperture 26 supplies ink to more than one 
inkdrop ejedfon chamber. The barrier means is utH- 

45 ized to define the ink ejedton chamt)er as before and 
also to define a common ink manifdd area. The con- 
ductor lines 21 and oonvnon conductor 23 complete 
the electrical means for heating the resistors 22. 
In the general case, more than two fold means 

50 can be used to form additional sections which can be 
tdded over each other. For example, in the embodi- 
ment shown In Figures 6 and 7, the flexible substrate 
10 indudes a second fold means 19 that defines a 
third section 20 of the substrate 10. More partk:ularly, 

55 In this embodiment, the first tdd means 1 1 separates 
sedfons 13 and 20 of the substrate 10, and the seo- 
ond fold means 19 separates the sedfons 20 and 12. 
The first sedton 1 2 indudes ink inlete 1 7 and resistora 
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22, the second section 1 3 includes inic outlets 1 8, and 
the third section 20 includes inkdrop ejection cham- 
bers 14. 

The structure in Figures 6 and 7 can be folded in 
various ways to form a monolithic Inkjet printhead. s 
For instance, as shown in Figures 8 and 9. the section 
13 can be folded to overlay the third section 20 with 
the third section 20 being between the first and sec- 
ond sectk>ns 12, 1 3. It may be noted that, priorto fold- 
ing, the third sectton 20 is between the first and sec- io 
ond sectkMis 12, 13. 

In the embodiment in Figure 10, the second sec- 
tion 13 is located between the third and first secttons 
20, 12 prkir to folding the substrate 10. In the folded 
assembly, as shown in Figures 11 and 12, the sub- 15 
strata 10 is folded such that the third sectfon 20 fits 
between the first and second sections 12, 13. 

Although the foregoing has described the princi- 
pal preferred embodiments and modes of operation of 
the present Inventton. the inventfon shoukJ not be 20 
construed as being limited to the parttoular embodi- 
ments discussed. For example, the fold means 11 can 
be formed by electroforming techniques applied to 
metals rather than laser aUatton of plastk: materials. 
As another example, the above-descrit>ed methods 25 
can be employed for fabricating various devices, 
other than Inkjet printheads, where it is important the 
components be carefully aligned in relatfonship to 
each other and where it wouM be benef k:ial to form 
the components on a single substrate. 30 

Thus, with the foregoing example and others in 
mind, it should be understood that the above- 
described embodiments should be regarded as illus- 
trative rather than restrictive, and it shouM be appre- 
ciated that variations may be made In those embodi- 35 
mente by workers skflled in the art without departing 
from the scope of the present inventfon as defined l»y 
the foDowing claims. 



Claims 

1 . A printhead of an inlqet printer comprising: 

a flexible substrate (10) having at least 
one fold (11) therein such that a first sectfon (12) 45 
of the substrate (10) can be folded to overlay a 
second sectkxi (13) of the substrate (10). the 
substrate (1 0) comprising a polymer material and 
the fold (11) comprising a photo-ablated portion 
of the substrate (10). 50 

2. The printhead of daim 1 , forther comprising: 

a plurality of inkdrop ejection chambers 
(14) that axe disposed between opposed surfac- 
es of the first and second sectfons (12, 13) of the 55 
substrate (10); 

a plurality of ink inlet oriftoes (17) In the 
first seclfon (12) of the substrate (10) with the ink 



inlet orifk:es (17) in fluid communteation with the 
Inkdrop ejection chambers (14); 

a plurality of ink outlet apertures (18) in the 
second section (13) of the substrate (10) with 
each of the ink outlet apertures (18) in fluid com- 
nujnteatlon with a respective one of the inkdrop 
ejectfon chambers (14); 

ink supply means (25) in direct fluid com- 
munication with each of the ink inlet orifices (17); 
and 

the flexible substrate (10) including at 
least two folds (11,19) therein with a third section 
(20) of the substrate (1 0) overlying at least one of 
the first and second sectfons (12, 13). 

3. A printhead for an inl^et printer comprising: 

a substrate (1 0) extending in a longitudinal 
direction; 

at least one irdcdrop ejection chamtMir (14) 
on a first sectfon (12) of the substrate (10), the 
inkdrop ejection chamber (14) being located at a 
first position on the substrate (10); 

at least one orif k:e (1 8) in a second section 
(13) of the substrate (10), the orifice (18) being 
located at a second positkxi on the substrate 
(10); and 

fold means (11) for forming a fold in the 
substrate (10) whereby the substrate (10) can be 
folded with the first and second sectfons (12. 1 3) 
placed in a precise predetermined relatfonship to 
one another. 

4. The printhead of claim 3. further comprising: 

at least one resistor (22), the at least one 
resistor (22) being disposed on the substrate (10) 
and located in the inkdrop ejectton chamber (14) 
when the substrate (1 0) is folded; 

second fold means (19) for forming a sec- 
ond fold in the substrate (10) that alkiws a third 
section (20) of the substrate to be fokled over the 
first and second sectfons (12, 13); 

barrier means (24) that defines the ink- 
drop ejection chamber (14), with the barrier 
means (24) comprising a dry f Om barrier and the 
resistor (22) being disposed in the inkdrop ejeo- 
tk)n chamber (14) defined by the barrier means 
(24) after the first and second secttons (12, 13) 
are folded over one another; and 

the oriftee (18) comprising an outlet aper- 
ture, the substrate (10) forther including at least 
one inlet orifice (17), the second fold means (19) 
being located between the inlet orffice (17) and 
the outlet aperture (1 8). 

5. The printhead of daim 3, wherein the inkdrop 
ejectnn chamber (14) comprises a photo-ablated 
regfon extending at least part way through the 
subsbate (10). 
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6. The printhead of daimdfurther comprising a bulk 
iilk supply (25) and the substrate (10) further in- 
cludes a plurality of ink inlet oriftees (17) whteh 
are in direct f luM communicatk>n with the bulk ink 
supply (25). 

7. TTie printhead of daim 3 wherein the fold means 
(11) comprises a row of spaced-apart perforeh 
tions in the substrate (10), a slot extending only 
part way through the substrate (10), or a selec- 
tively weakened portton of the substrate (1 0) that 
allows the substrate (10) to be folded such that 
the first sectbn (12) of the substrate on one side 
of the weakened portion overlies the second sec- 
tion (13) on an opposite skle of the weakened 
portton. 



posed relattonship, one above another, and 
where at least some of the components can be 
formed on a single substrate, comprising: 

(a) providing a flexible substrate (10); 
5 (b) forming at least two components (14, 1 7. 

18, 22) on the substrate (10); 

(c) forming a weakened portion (11) of the 
substrate (10), the substrate (10) comprising 
a polymer material and the step of forming the 

10 weakened portion (11) being performed by 

photo-ablatk>n.; and 

(d) folding the substrate (1 0) at the weakened 
portk>n (11) to form a folded monolithic as- 
sembly with at least two of the components 

15 (14, 17, 18, 22) aligned in superposed rela> 

ttonship, one above another. 



8. Amethod of forming an Inkjet printhead, compris- 
ing the steps of: 

(a) providing at least one thin film resistor (22) 20 
on a flexible substrate (1 0); 

(b) providing conductor means (21) on the 
substrate (10) for electrically heating the re- 
sistor (22); 

(c) forming at least one inkdrop ejection 2S 
chamt>er (14) on the substrate (10); 

(d) forming at least one orifice (1 8) in the sub- 
strate (10); 

(e) forming a weakened portkm (11) of the 
substrate (10); and 30 

(f) folding the substrate (10) at the weakened 
portk>n to form a folded monolithic assembly 
with the resistor (22) located in the inkdrop 
ejectkxi chamber (14) and the orifkre (18) in 
fluid communication with the inkdrop ejection 3S 
chamber (14). 



9. The method of daim 8, wherein the orifice (18) 
comprises an Ink outlet aperture, the method fur- 
ther comprising a step (g) of forming at least one 40 
Ink inlet orifice (1 7) in the substrate (1 0), the inlet 
orifice (17) being in fluid communlcatk>n with the 
inkdrop ejectton chamber (14) when the sub- 
strate (10) is folded in step (f), the substrate (10) 
comprising a polymer material and the steps (d), 45 
(e) and (g) of forming the outlet aperture (1 8), the 
weakened portton (11) and the inlet orifk:e (17) 
being performed simulteneously by photo-ablat- 
ing the polymer material by exposing the sub- 
strate (10) to laser energy passed through a so 
mask, the method further comprising a step (h) 
of attaching a bulk ink supply (25) to the folded 
monolithic assembly with the ink inlet orif k:e (1 7) 
in direct fluki communication with the bulk ink 
supply (25). 55 



10. A method for fabricating a device in which the 
oomponente are to be predseiy aligned In super- 
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